The hormone responsible for the swelling of the ovraries of tobacco has been identified as indoleacetic acid (5) . Indoleacetic acid (IAA) is probably the active principle responsible for the growth of strawberry receptacles (14) . The biosynthesis of this compound has been studied and demonstrated in many plants and plant parts (3). Wildman, Ferri, and Bonner (21) were the first to suggest tryptophan as a precursor of IAA in higher plants. Prior to this, Thimann (18) had ascertained tryptophan to be an active precursor of IAA in Rhizopus suinus. The biochemical mechanism of this oxidation is not clear for all plants, but it is fairly well established thalt tryptophan is a precursor of IAA.
Free tryptophan has been studied in pollen of tobacco, acorn squash, and Lilium regale (13) . Its occurrence has been reported in the ovaries of the same plants (13) and in the achenes of strawberries (14) . The increase in tryptophan correlates nicely with previously found changes in IAX production (11) .
There is a strong correlation between hormone synthesis in the styles of tobacco and the rate of pollen tube growth (5, 6) . Mluir (7) was the first to study hormone changes of pollen tubes grown in vitro on pure agar and sugar. Nitsch (12) found substantial increases in hormone after germination of pollen 13 .5 and 20.5 hours on such a medium containing tryptophan. These experiments suoggest that pollen tubes possess an enzyme system capable of converting, tryptophan to IAX. These results were in question, however, because of possible bacterial contamination interfering with the oxidative process (13) .
The possibility that the factor supplied by the pollen which brings about hormone production is an enzyme has been suggested (7, 19) . Homogenates of resting pollen and unpollinated styles of Lilium regale contain a tryptophan-IAA enzyme (13) . This enzyme activity increases with time after pollination in the ovaries of Lilium regale (13) and corn (17) . However, doubt was cast on the possible participation of the enzyme in fruit development (8) , because of the observation that both unfertilized and fertilized ova-ries of Nicotiana contain an enzyme system which can convert tryptophan to auxin. Therefore, the question which remains is, why is not auxin produced in the styles and ovaries of unpollinated flowers, if free tryptophan is present and tryptophan-IAA converting enzymes are present? This study was conducted in order to correlate the tryptophan changes in the styles and ovaries of tobacco with the hormone changes (5) after pollination. The enzyme systems of pollen, pollen tubes and pistils from unpollinated and pollinated flowers of tobacco were also studied to test the hypothesis that subsequent to pollination the pollen tubes induce the formation of a greater quantity of enzymes which are responsible for the synthesis of an additional amount of hormone, and hence bringing about development of fruits.
MATERIALS AND METHODS Maryland Mammoth and Dixie Bright 102 were the two varieties of tobacco that were used in this study. Hand pollinations, as described earlier (5), were made at various time intervals in order to obtain pistils at different stages of development-during pollen tube growth, fertilization and ovary enlargement. Styles and ovaries were lyophilized and ground to pass a 40-mesh screen. This material was then used for tryptophan analyses.
TRYPTOPHAN ANALYSIS: The free tryptophan content of 40-to 50-mg samples was analyzed quantitatively using the Lactobacillus arabinosus assay as modified by Nitsch and Wetmore (15) . Total tryptophan was determined by alkaline hydrolysis of 50 mg of lyophilized material in 10 ml of 4 N NaOH and an excess of cysteine to prevent oxidation. This process was conducted in an autoclave at 15 lbs pressure for 4 hours. After neutralization of the solution to pH 6.8 with HCl the extract was analyzed by the Lactobacillus arabinosus method (1). All samples were extracted with ether to remove anthranilic acid prior to analysis.
IN VITRO STUDIES WITH POLLEN: It was found that pollen of tobacco grows very well in 10 % sucrose and a mineral supplement of Larsen and Tung (4) . Fifty milligrams of pollen were placed in 50 ml of such a solution on a rotary shaker operating at 180 cycles per minute. With this method the pollen and pollen tubes could be handled easily and quantitatively removed by centrifugation when used in enzyme preparations. Changes in hormone content of pollen tubes were followed in such a medium with and without tryptophan in order to follow the work of Mluir (7) and Nitsch (12) (20) . All tests involving Avena assay are subject to 10 % error due to biological variability.
The hormones in these ether extracts were purified using the NaHCO3 method and analyzed by paper chromatography as described elsewhere (5 (10) , anthranilic (acid (16) , or skikimic acid (2) .
On a per ovary basis (table I) there is an increase in the level of free tryptophan about 24 and 41 hours after pollination. Shortly after this time the pollen tubes enter the ovary and increased hormone synthesis is observed (5) . These data affirm the concepts of Nitsch (13, 14) that tryptophan is associated with the hormone changes taking place dcuring the setting of fruit. (7) obtained small increases in hormone as a result of pollen tube growth on a sucrose-agar medium. Nitsch (12) obtained larger increases by supplying tryptophan to the culture medium. The ability of pollen tubes of tobacco to convert exogenously supplied tryptophan to hormone was tested by growing 30 mg of pollen in 20 ml of sucrose-mineral medium with some lots containing 2.5 mg L-tryptophan and some without. Figure 1 illustrates that there is no change in the auxin level when tryptophan is omitted, but when tryptophan is added there is a marked synthesis of hormone. These same responses were observed in five repetitions. The three-hour lag period corresponds to the time of emergence of the pollen tubes. Similar results were obtained with a sterile medium. Attempts to sterilize pollen were unsuccessful and resulted in loss of viability. However, bacterial counts in two such experiments revealed that this medium did not support the growth of bacteria and in fact was toxic to them. Tryptophan incubated without pollen on the rotary shaker and in a non-sterile medium for a similar length of time was not converted to auxin.
It is concluded that pollen tubes possess an enzyme system capable of catalyzing the conversion of this amino acid to a substance of growth-promotin, activity. This observation fits with the above data on the disappearance of tryptophan in the style shortly after pollination. An active conversion is taking place at the time of pollen tube entry into the style with tryptophan being supplied by the style.
In order to test the effect of concentration of substrate on this system 20 mg of pollen were added to separate culture media with varying concentrations of L-tryptophan and placed on the rotary shaker in the dark for 8 hours at 27 to 280 C. The hormone produced was extracted with peroxide-free ether at pH 3.0 and the extract analyzed by the Avena curvature test. The results of two such experiments as are typically illustrated in figure 2 yielded the usual enzyme-saturation curve.
SEPARATION AND IDENTIFICATION OF HORMONES IN POLLEN AND POLLEN TUBES: Partially purified ether extracts of resting pollen were subjected to paperchromatographic analysis using Avena curvatures as a criterion of the presence of the hormones separated on the paper. The methods used are described in an earlier paper (5) . All report experiments have been repeated at least twice and again with another solvent (n-butanol-ethanol-water, 4:1: 1). Figure 3 indicates that one of the growth-promoting substances in resting pollen coincides precisely with the Rf of pure indoleacetic acid. The other area of growth activity on the chromatogram corresponds to the Rf of indoleacetonitrile (IAN). Repeated observation demonstrated IAA to be present in all extracts, but that the absolute identification of IAN needs further verification. This is another confirmation as to the presence of IAA in pollen. Miiller (9) found IAA to be the growth hormone in the pollen of orchids. The above data also bring forth realization that the hormones in the pollen and styles (5) as was considered earlier (8) , but are the same, namely indoleacetic acid.
After germination of tobacco pollen a quantitative extraction and chromatographic analysis revealed a peak of growth-activity again corresponding to IAA (fig 4) . The height of the IAA-peak had increased by 25 % and the hormone with the higher Rf had decreased in amount.
An additional experiment was conducted to confirm the previously made assumption that IAA is the growth-promoting substance observed in extracts of pollen tubes grown in vitro in the presence of tryptophan. Again chromatographic analysis of pollen tubes grown in 2.5 mg of L-tryptophan per 20 ml of medium revealed that a growth-substance with an
Rf that is identical with that of IAA is present in large amounts (fig 5) . The original weight of the pollen used was similar to those of figures 3 and 4. Thus, the product of tryptophan oxidation in pollen tube cultures is indoleacetic acid.
TRYPTOPHAN-IAA ENZYME SYSTEM IN POLLEN AND POLLEN TUBES: Heretofore only the resting pollen of flowers has been studied for tryptophan-IAA converting enzymes (13) . Therefore, an attempt was made to grow pollen tubes and study enzyme preparations of these structures.
To do this, large quantities of tobacco pollen, usually 200 mg were added to 50 ml of 10 % sucrose and a mineral culture medium. After incubation on a rotary shaker for 8 to 10 hours the cultures were centrifuged and the viscous mass of pollen tubes were lhomogenized in 1/15 M Na2HPO4-KH2PO4 buffer at pH 7.0. The pollen tubes were satisfactorily broken in a small homogenizer consisting of a motor-driven tions occur in many cases in a fashion which is predictable from the operation of the pentose phosphate cycle.
To facilitate presentation of the results and discussion an outline of the major reactions of the pentose phosphate cycle is shown in figure 1 . A detailed consideration of the individual reactions as they occur in plants is given elsewhere (1) . The essential features of the cycle, represented in figure 1 as beginning with 6 molecules of glucose-6-phosphate are: (a) oxidative and decarboxylating steps at the aldehyde end in which glucose-6-phosphate becomes converted first to 6-phosphogluconate and thence to pentose-5-phosphate; and (b) a sequence of splitting and transfer reactions brought about by transketolase and transaldolase w-hich results in the conversion of the pentose
